Introduction and Summary
In order to meet the requirements of the Tank 8 Waste Removal Schedule, samples (~80 mL/each) of Tank 8 sludge slurry were taken and transported to the Savannah River Technology Center's (SRTC) Shielded Cells Facility for analysis [1] . This report discusses the rheological measurements completed on the first set of Tank 8 samples received at SRTC.
After the sludge slurry in Tank 8 was thoroughly mixed, four dip samples (~80 mL/each) were obtained at variable depths in Tank 8 and sent to the SRTC Shielded Cells Facility. Upon receipt of the samples, three out of the four were analyzed for weight percent (insoluble, soluble and total) solids and density. After the weight percent solids and density measurements were complete, settling tests were started on the three individual dip samples. The fourth dip sample was reserved for Si analysis.
After the settling tests were complete, the three samples were combined into one sample bottle by using inhibited water. Since inhibited water was used to retrieve the solids remaining in the graduated cylinders, weight percent solids and density measurements were completed on the final combined sample prior to the rheological measurement.
In addition to the rheological measurement of the combined sample, High Level Waste Engineering requested a rheological measurement of the combined sample diluted to eleven weight percent insoluble solids. It was also requested that the weight percent solids and density determinations be completed to confirm that the sample had been diluted correctly. Highlights from this report are described below.
1.
The sludge slurry was successfully retrieved from the graduated cylinders using inhibited water.
2.
The weight percent total solids for the combined sludge slurry sample was 38.5 wt. % and the density was 1.38 g/mL. The weight percent dissolved solids for the supernate was 23.8 wt.% and the density was 1.18 g/mL. 3.
The rheological data (uncorrected), for the combined sample, was modeled using a Bingham Plastic model between the shear rates of 100 s -1 to 500 s -1 . The calculated yield stress was 3.06 Pa and the consistency was 10.28 centipoise. 4 .
The weight percent total solids for the combined diluted sludge slurry sample was 27.7 wt. % and the density was 1.29 g/mL. The weight percent dissolved solids for the supernate was 18.5 wt. % and the density was 1.18 g/mL. 5.
The rheological data (uncorrected), for the diluted combined sample, was modeled using a Bingham Plastic model between the shear rates of 100 s -1 to 500 s -1 . The calculated yield stress was 1.44 Pa and the consistency was 4.06 centipoise. 6 .
A viscosity oil standard was used to check the response of the rheometer and the rheometer was found to be within + 2% of the stated oil viscosity. The viscosity oil standard check verifies that the rheometer is functional and responding as expected.
The three samples were recovered from the graduated cylinders by sparging the samples using a modified pipette tip. The samples were then combined into one sample bottle by pouring the mixed sludge slurry from the individual graduated cylinders. The graduated cylinders were then rinsed with approximately 35 mL of inhibited water in order to recover the remaining solids left in the graduated cylinders. Since the samples had been diluted with inhibited water, weight percent solids and density measurements were completed on the combined sample.
In order to determine how much inhibited water had to be added to the combined sample to achieve 11 wt.% insoluble solids, an Excel spreadsheet was used to perform the calculation. Upon entering the required values, the spreadsheet predicts the final solids content of the sample. Approximately 28 mL of mixed sludge slurry was removed from the combined sample bottle and pipetted into a new bottle. Approximately 28 mL of inhibited water was added to the sample bottle to complete the dilution to approximately 11 wt.% insoluble solids. After adding the predicted amount of inhibited water, the contents were mixed and the weight percent solids and density measurements were performed to check the accuracy of the prediction. The spreadsheet predicted 11.2 wt.% insoluble solids and the value obtained from the measurement of the weight percent solids was 11.3 wt.% insoluble solids. The agreement between these two values is good indicating that the dilution had been performed correctly. A copy of this spreadsheet can be found in Appendix A.
Measurement of Weight Percent Dissolved Solids and Density for the Supernate of Combined Sludge Slurry Sample and Diluted Combined Sludge Slurry Sample
Mixed samples of the combined sludge slurry and diluted combined sludge slurry were filtered through 0.45µm Nalgene® filters resulting in clear supernates for both samples. These supernate samples were used to complete the density and the weight percent solids measurements.
Three density determinations of each supernate sample were completed. An 8.25 mL sealed pipette tip was used to perform the density measurements. The sealed pipette tip was first weighed and then a mixed sample of supernate was pipetted into the sealed pipette. The sealed pipette tip with the supernate sample was weighed and the density was calculated. The density results of the supernate samples are presented in Table 1 . Table 1 also contains the standard deviations (StDev) and the percent relative standard deviations (% RSD) for the density measurements.
After completing the density determinations, the supernate samples were used to complete the weight percent dissolved solids determination. Duplicate determinations were completed for both supernate samples. The supernate samples were pipetted into labeled stainless steel beakers. These stainless steel beakers were weighed and then placed into a drying oven at 115ºC overnight. Duplicate samples of a 15 wt.% NaCl standard solution were also weighed and dried (in labeled stainless steel beakers) along with the supernate samples to check the accuracy and precision of the WSRC-RP-2000-00900 Rev.0 Page 6 of 31 method. All of the samples were allowed to cool for ~5 minutes before they were weighed. The results of the 15 wt.% NaCl standard solutions showed good reproducibility and good agreement with the known value of the standard. The average of the calculated results of the weight percent solids for both supernate samples and the 15 wt. % NaCl standard solution are also presented in Table 1 . The standard deviations (StDev) and the percent relative deviation (%RSD) for the weight percent data are also presented in Table 1 . Three density determinations of each sludge slurry sample were completed in the Shielded Cells Facility. An 8.25 mL heat sealed pipette tip was used to perform the density measurements. The sealed pipette tip was first weighed and then a mixed sample of sludge slurry was pipetted into the sealed pipette. The sealed pipette tip with the sludge slurry sample was weighed and density was calculated. The results of the sludge slurry samples are presented in Table 2 . Table 2 also contains the standard deviations (StDev) and the percent relative standard deviations (% RSD) for the density measurements.
Duplicate samples of mixed sludge slurry were pipetted out of the combined sludge slurry sample bottle and the diluted combined sludge slurry sample and placed into labeled stainless steel WSRC-RP-2000-00900 Rev.0 Page 7 of 31 beakers. These stainless steel beakers were weighed and then placed into a drying oven at 115ºC overnight. Duplicate samples of a 15 wt.% NaCl standard solution were also weighed and dried (in labeled stainless steel beakers) along with the sludge slurry samples to check the accuracy and precision of the method. All of the samples were allowed to cool for ~5 minutes before they were weighed. The results of the standard solutions showed good reproducibility and good agreement with the known value of the standard. The average of the calculated results of the weight percent solids for both supernate samples and the 15 wt. % NaCl standard solution are also presented in Table 2 . The standard deviations (StDev) and the percent relative deviation (%RSD) for the weight percent data are also presented in Table 2 . The soluble and insoluble weight percent solids can be calculated by using the following equations [2] , once the weight percent total solids and dissolved solids have been obtained. 
Summary of the Instruments Capabilities and Limitations Used to Complete the Rheological Measurements
The Haake RV30/M5 system is a controlled rate rheometer that can be operated remotely in the Shielded Cells environment. A water bath/circulator is used to supply water and maintain the temperature of the water jacket that surrounds the sample cup. The M5 measuring head can be equipped with different sample cups and rotors depending on the type of fluid to be analyzed. The technical specifications for the RV30/M5 system are listed in Table 3 .
WSRC-RP-2000-00900 Rev.0 Page 9 of 31 The error in the measured shear stress is 0.5% of full span (100%Tau) and the error for the measured shear rate is 0.5% of the reading. Table 4 provides the maximum shear rate, maximum shear stress, and physical dimensions associated with MVI rotor. This rotor was used to complete all of the measurements for this report. Rheological measurements were completed for the combined sludge slurry sample and the diluted combined sludge slurry sample using the Haake RV30/M5 system located in Cell 2 of the Shielded Cells Facility. A Newtonian oil standard (95.6 cp @ 25°C) was used to check the instrument's response prior to and after the completion of a sludge slurry measurement. This oil standard check was completed to ensure that the instrument was responding as expected. The MVI rotor was used in both measurements.
The MVI rotor is primarily used for rheological measurements of fluids working in the medium shear rate range [3] . The top and bottom surfaces of the MVI rotor are recessed to minimize "end effects" [3] . Upon loading the sample into the instrument, an air bubble is retained in the bottom recess of the rotor, while the upper recess accommodates any excess sample. All rheological measurements were conducted at 25°C.
Since the total weight percent solids for the combined sludge slurry sample were 38.5 wt.%, a longer programming time was used (6 minutes up, 1 minute hold, and 6 minutes down). For the diluted combined sludge slurry sample, a shorter programming time (4 minutes up and 4 minutes down) was selected due to the possibility of solids settling (27.7 wt.% total solids) out during the measurement. The raw data obtained from the rheometer (up flow curves only) for the combined sludge slurry sample and the diluted sludge slurry sample are plotted in Figures 1 and 2 , respectively. 
Discussion of the Results Obtained for the Sludge Slurry Samples
The uncorrected data obtained for both of the sludge slurry samples were modeled using a Bingham Plastic model. The Bingham plastic model is defined as:
Tau ( It should also be noted that the feedback obtained for Figure 2 is approaching the lower detection limit of the instrument. Multiple flow curves were generated for each sludge slurry sample. These flow curves were repeatable, such that they overlaid each other, supporting the conclusion that the data obtained are valid and reproducible.
The fitted Bingham Plastic models to the uncorrected data for both flow curves were compared to an earlier study [5] , of Tank 8 samples. The consistency obtained for both sludge slurry samples are in agreement with this earlier study. The measured yield stress of the diluted sludge slurry sample (11.3 wt.% insoluble solids) agrees with the data in the earlier study. The measured yield stress of the combined sludge sample (19.3 wt.% insoluble solids) appears to be lower than the value reported in the earlier study. Possible explanations for this are the difference in the amount of soluble solids and the method in which the solid analysis were performed in this study as compare to the earlier study.
Conclusions

1.
The density and weight percent solids measurements were completed for the combined sludge slurry sample and the diluted combined sludge sample.
2.
The predicted and the measured weight percent insoluble solids for the diluted sludge slurry samples agreed, indicating the dilution of the sample had been performed correctly.
3.
The uncorrected rheological data obtained from the two sludge slurry samples agrees with an earlier study [5] .
Quality Assurance
All data and records generated from this task will be maintained in a laboratory notebook [6] . 
